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Korean red ginseng (KRG) is used worldwide as a popular traditional herbal medicine. KRG has shown beneficial effects 
on cardiovascular diseases, such as atherosclerosis, diabetes, and hypertension. Up-regulation of a cytoprotective protein, heme 
oxygenase (HO)-l, is considered to augment the cellular defense against various agents that may induce cytotoxic injury. In the 
present study, we demonstrate that KRG water extract induces HO-1 expression in human umbilical vein endothelial cells (HUVECs) 
and possible involvement of the anti-oxidant transcription factor nuclear factor-eythroid 2-related factor 2 (Nrf2). KRG-induced 
HO-1 expression was examined by western blots, reverse transcriptase polymerase chain reaction and immunofluorescence 
staining. Specific silencing of Nrf2 genes with Nrf2-siRNA in HUVECs abolished HO-1 expression. In addition, the HO inhibitor 
zinc protoporphyrin blunted the preventive effect of KRG on H 2 0 2 -induced cell death, as demonstrated by terminal transferase 
dUTP nick end labeling assay. Taken together, these results suggest that KRG may exert a vasculoprotective effect through Nrf2- 
mediated HO-1 induction in human endothelial cell by inhibition of cell death. 

Keywords: Panax ginseng, Endothelial cells, Heme oxygenase, Oxidative stress, Vascular diseases 



INTRODUCTION 

Endothelium is a monolayer of endothelial cells lin- 
ing the entire vascular system. The vascular endothelium 
plays an important role in regulation of thrombotic re- 
sponse, modulation of vascular tone and blood flow, and 
regulation of immune and inflammatory responses by 
controlling interactions between immune cells and the 
vessel wall [1]. 

Vascular injury, including structural and functional 
impairment of endothelium, plays a key role in the 
pathogenesis of various vascular diseases, such as athero- 
sclerosis, diabetes, and hypertension. Chronic damage to 
endothelium causes accumulation of lipid and increased 
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adhesion of monocytes and platelets [2]. Furthermore, 
injured endothelial cells release several growth factors, 
leading to later migration and proliferation of smooth 
muscle cells [3,4]. Finally, these changes in the vessel 
wall could accelerate atherosclerotic plaque formation. 

Korean red ginseng (KRG) is used as a well-known 
herbal medicine as well as a wide range of food products, 
including beverages, candy, jellies, and snacks. Biologi- 
cal properties of KRG have been extensively investi- 
gated as its consumption has been increasing. Ginseng is 
thought to exert various effects, including anti-oxidant, 
anti-thrombotic, anti-hyperlipidemic, and anti-cancer 
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effects [3-6]. Recently, the interest of researchers has 
focused on the vascular protective effect of KRG. In en- 
dothelial cells, KRG eliminates generation of NADPH- 
driven superoxide [7] and increases nitric oxide synthase 
activity and nitric oxide concentrations, conferring a hy- 
potensive effect [8]. Previous studies have also reported 
that KRG promotes endothelial proliferation and pro- 
tects H 2 0 2 -induced cell death [9,10]. Due to its vascular 
protective effect, KRG is believed to be beneficial for 
cardiovascular diseases such as atherosclerosis, diabetes, 
and hypertension [11-13]. 

Heme oxygenase (HO) is a cytoprotective protein that 
catalyzes heme degradation, yielding carbon monoxide 
(CO), iron, and biliverdin as the final products. There are 
three iso forms of HO in mammals: HO-1, HO-2, and 
HO-3 [14,15]. In particular, HO-1 is well known as a 
protective enzyme with anti-oxidant, anti-apoptotic, and 
anti-inflammatory effects [16]. HO-1 is a stress inducible 
protein. Various stimuli, such as thiol scavengers, ultra- 
violet radiation, and oxidative stress act as inducers of 
HO-1 [17]. In general, these stimuli cause generation of 
reactive oxygen species (ROS), which could activate an 
adaptive response of HO-1. Up-regulation of HO-1 ex- 
erts cytoprotective effects due to activity of its products, 
including CO and/or bilirubin, formed from biliverdin 
by the activity of biliverdin reductase [18,19]. HO-1 has 
a beneficial role in several clinically relevant diseases. 
There also is increasing evidence to show that HO-1 is 
associated with vascular disease, such as atherosclerosis, 
diabetes, and hypertension [20]. HO-1, which is highly 
expressed in vascular tissues, protects against vasculopa- 
thy and confers a cytoprotective function in the circula- 
tion [21]. In human endothelial cells, HO-1 deficiency 
results in tumor necrosis factor-a and interleukin- 1 a 
mediated endothelial damage [22]. These results suggest 
that HO-1 may play an important role in sustaining the 
health of the vascular system. 

In this study, we examined the cardiovascular protec- 
tive effect of HO- 1 induced by KRG water extract in 
human umbilical vein endothelial cells (HUVECs). In 
addition, we investigated involvement of nuclear factor- 
erythroid 2-related factor 2 (Nrf2) in induction of HO-1 
and the cytoprotective effect of HO-1 in HUVECs. 

MATERIALS AND METHODS 

Materials 

Korean red ginseng powder was obtained from the 
Korea Ginseng and Tobacco Central Research Insti- 
tute (Daejen, Korea). Ml 99 medium and fetal bovine 



serum were purchased from Welgene Inc. (Daegu, 
Korea). TRIzol reagent was supplied by Invitrogen 
(Carlsbad, CA, USA). Zinc protoporphyrin (ZnPP) 
was provided from Sigma Chemical (St. Louis, MO, 
USA). TransPass R2 Transfection Reagent was ob- 
tained from New England Biolabs (Hercules, CA, 
USA). Anti-Nrf2 and anti-Lamin B were purchased 
from Santa Cruz Biotechnology (Santa Cruz, CA, 
USA). Anti-HO-1 was obtained from Epitomics (Bur- 
lingame, CA, USA). Anti-GAPDH was supplied by 
AbFrontier (Seoul, Korea). All other chemicals and 
reagents were of analytical grade. 

Preparation of red ginseng water extract 

For preparation of red ginseng water extract, we modi- 
fied a method used in a previous study [23]. Korean red 
ginseng powder was soaked in water (1 :25, W:W) for 3 h, 
then boiled for 40 min. Following centrifugation at 3,000 
rpm for 60 min, supernatants of ginseng extract were fur- 
ther centrifugated at 10,000 g for 30 min and lyophilized. 
Ginseng extracts were dissolved in pure water immedi- 
ately prior to the experiment. 

Cell culture 

HUVECs were maintained in Ml 99 medium and 
supplemented with 10% fetal bovine serum, 1% penicil- 
lin and streptomycin, 10 ng/mL human fibroblast growth 
factor, and 1 8 mU/mL heparin. The cells were incubated 
at 37°C under 5% C0 2 atmosphere. HUVECs were 
grown to approximately 80% confluence, maintained 
with fresh medium described above, and subcultured 
every 2 to 3 d. The cells were used within passages 4 to 9 
during these experiments [24]. 

Western blot analysis 

We applied 20 ug of the whole cell lysate proteins 
to each lane and analyzed them with western blots. 
Western blot analysis was performed using monoclonal 
antibody against mouse HO-1 and monoclonal antibody 
against mouse glyceraldehyde-3-phosphate dehydroge- 
nase. Horseradish peroxidase-conjugated anti-IgG an- 
tibodies were used as the secondary antibody to detect 
the abovementioned protein bands by enhanced chemi- 
luminescence WESTSAVE-Up™ (Abfrontier, Seoul, 
Korea). 

RNA isolation and reverse transcriptase-poly- 
merase chain reaction 

Cells were seeded in a 100 mm-diameter plate con- 
taining Ml 99 medium. After 24 h, KRG was treated to a 
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final concentration of 0.5 mg/mL and the cells were incu- 
bated for 1 8 h. RNA extraction was achieved using 1 mL 
TRIzol reagent. The RNA pellets were washed in 70% 
ethanol, dried completely, and dissolved in diethylpyro- 
carbonate to inhibit RNase. Total RNA was quantified 
using a ND-100 spectrometer (NanoDrop Technologies, 
Wilmington, DE, USA). Polymerase chain reaction was 
performed using the synthesized cDNA as a template 
and using specific primers for HO-1 or p-actin as a load- 
ing control. The primer sequence for human HO-1 was 
5'-ACATCTATGTGGCCCTGGAG-3 ' (forward) and 
5'-TGTTGGGGAAGGTGAAGAAG-3 ' (reverse). The 
amplified products were resolved by 1% agarose gel 
electrophoresis, stained with ethidium bromide, and pho- 
tographed under ultraviolet light. 

Immunofluorescence staining 

HUVECs were cultured in a glass culture chamber 
slide (Falcon Plastics Inc., London, ON, Canada) and 
processed for immunofluorescence analysis. Immunoflu- 
orescence method as described previously method [25]. 

Nuclear factor-eythroid 2-related factor 2 silenc- 
ing by siRNA 

The cells were seeded on six-well plates at a density 
of 2><10 5 cells/well in 2 mL of complete Ml 99 medium. 
Cells were allowed to grow to 60% to 80% confluence 
before transfection with siRNA (SC-37049, Santa Cruz 
Biotechnology). For each transfection, 1 ,200 uL of the 
transfection medium was added with siRNA duplex/ 
transfection reagent mix (TransPass R2 solution A + B), 
and the entire volume was added gently to the cells [26]. 

Measurement of intracellular reactive oxygen spe- 
cies generation 

Intracellular ROS in H 2 0 2 stimulated HUVECs is 
analyzed using DCF/DA staining. HUVECs were plated 
at a density of 4><10 5 cells in 60 mm dishes. After 18 h 
incubation with KRG in the presence or absence of 1 uM 
ZnPP, cells were stained with 10 uM DCF/DA for 55 
min, and then stimulated with 500 uM H 2 0 2 for 5 min. 
After rinsing with PBS, the cells were examined by fluo- 
rescence microscopy. 

Terminal transferase dUTP nick end labeling assay 

Cells (2*10 4 cells/300 uL/well) were seeded in an 
8-well chamber slide and were washed with phosphate- 
buffered saline (PBS) and fixed in 4% formaldehyde for 
1 h and then exposed permeabilizing solution (0.1% Tri- 
ton X-100 in 0.1% sodium citrate buffer) for 2 min at 4°C. 



Cells were incubated with the terminal transferase dUTP 
nick end labeling (TUNEL) reaction mixture (Roche, 
Mannheim, Germany) for 1 h at 37°C in the dark. After 
rinsing with PBS, the cells were mounted and examined 
by fluorescence microscopy. 

Statistical analysis 

Statistical significance was estimated by student's t- 
test and the results were expressed as mean±SD. 
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Fig. 1. Induction of heme oxygenase (HO)-1 protein by Korean red 
ginseng (KRG) in human umbilical vein endothelial cells (HUVECs). 
After treatment of HUVECs with various concentrations of KRG (A) 
at various time intervals (B), cell lysates were prepared and 20 ug 
samples of proteins were subjected to western blotting using the anti- 
HO-1 antibody and anti-glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) antibody as a loading control. Representative data from 
three independent experiments is shown. *p<0.05. 
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Fig. 2. Induction of heme oxygenase (HO)-1 mRNA by Korean red 
ginseng (KRG) in human umbilical vein endothelial cells (HUVECs). 
After treatment of HUVECs with various concentrations of KRG (A) 
at various time intervals (B), cell lysates were prepared. The total 
RNA was extracted and analyzed by reverse transcriptase poly- 
merase chain reaction (RT-PCR). The amplified RT-PCR product 
was visualized on 1% agarose gel. Representative data from three 
independent experiments is shown. *p<0.05. 



RESULTS 

Effects of heme oxygenase-1 induction by Korean 
red ginseng in human umbilical vein endothelial 
cells 

Up-regulation of HO-1 expression plays an important 
role in protecting cells against oxidative stress. We first 
demonstrated the effect of various concentrations of 
KRG on HO-1 induction. KRG increased HO-1 protein 
expression in a concentration-dependent manner (Fig. 
1A). Cells were incubated with various concentrations 
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Fig. 3. Immunofluorescence staining analysis of heme oxygenase 
(HO)-1 expression in human umbilical vein endothelial cells. Cells 
were pre-treated with various concentrations of Korean red ginseng 
(KRG) for 18 h. They were fixed and HO-1 localization was deter- 
mined by immunofluorescence staining with an anti-HO-1 antibody 
followed by a fluorescence-tagged secondary antibody. 



of KRG for 18 h. Treatment of cells with KRG (0.5 mg/ 
mL) also resulted in time-dependent increases in HO-1 
protein expression in HUVECs (Fig. IB). KRG also in- 
creased the HO-1 mRNA level, as demonstrated in Fig. 2. 
After incubation with various concentrations of KRG for 
12 h, the HO-1 mRNA level increased in a concentration- 
dependent manner (Fig. 2A). KRG-treated HUVECs 
showed the HO-1 mRNA level in a time-dependent man- 
ner (Fig. 2B). 

Immunofluorescence staining of heme oxygen- 
ase-1 in human umbilical vein endothelial cells 

After KRG treatment, cells were fixed, and HO-1 
localization in HUVECs was observed by immunofluo- 
rescence staining with an anti-HO-1 antibody, followed 
by a fluorescence-tagged secondary antibody. Immuno- 
fluorescence analysis showed that HO-1 protein levels 
were increased in HUVECs after treatment with KRG in 
a concentration-dependent manner (Fig. 3). 

Nuclear factor-eythroid 2-related factor 2 siRNA 
blocks Korean red ginseng-induced heme oxygen- 
ase-1 protein expression 

HO-1 is one of the major genes encoding phase II 
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Fig. 4. Inhibition of heme oxygenase (HO)-1 expression by nuclear 
factor-eythroid 2-related factor 2 (Nrf2) siRNA in human umbilical 
vein endothelial cells (HUVECs). Cells were treated with Korean 
red ginseng (KRG) at the indicated concentration for 18 h. Tran- 
sient transfection of HUVECs with Nrf2 siRNA inhibited expression 
of the HO-1 protein. A volume of 15 nmol of Nrf2 siRNA abrogates 
KRG-induced HO-1 up-regulation. Representative data from three 
independent experiments is shown. GAPDH, glyceraldehyde- 
3-phosphate dehydrogenase. *p<0.05. 

detoxifying and anti-oxidant enzymes and is widely 
distributed in mammalian tissues. It is modulated by the 
Nrf2/Keapl transcription factor system [27]. Thus, we at- 
tempted to determine whether KRG could activate Nrf2 
in association with HO-1 up-regulation. For this, siRNA 
of Nrf2 was employed. With 15 nmol of Nrf2 siRNA, the 
increase in HO-1 protein was abolished (Fig. 4). These 
results indicate a key role for Nrf2 in regulation of KRG- 
induced HO-1 protein expression in HUVECs. 

Protection against oxidative stress provided by 
heme oxygenase-1 induced by Korean red ginseng 

ROS acts as a secondary messenger that mediates the 
signal network involved in growth, survival, and death. 
In particular, a number of evidences support that ROS 
that causes oxidative stress may play an essential role 
in mediating cell death in endothelial cells. To clarify 
whether KRG-induced HO-1 plays a significant role in 
ROS scavenging, which attenuates endothelial cell death, 
we conduct DCF/DA staining that detects intracellular 
ROS level (Fig. 5). An increase in intracellular ROS was 
observed in H 2 0 2 -stimulated cells. ROS generation was 
reduced by KRG treatment and reversed by ZnPP, the 
specific HO-1 inhibitor. These results imply that HO-1 
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Fig. 5. Intracellular reactive oxygen species level of Korean red 
ginseng (KRG)-treated human umbilical vein endothelial cells (HU- 
VECs). KRG (0.5 or 1 mg/mL) stimulated HUVECs were pre-treated 
for 1 h with or without 1 pM zinc protoporphyrin (ZnPP). After 18 h 
incubation, HUVECs were treated with DCF/DA for 55 min, followed 
by the treatment with 100 pM H 2 0 2 for 5 min. The protective effect of 
KRG on H 2 0 2 -induced cell death and its blockage by HO-1 inhibitor 
were observed by fluorescence microscopy. 

induction by KRG prevents ROS production and by ex- 
tension, ROS-mediated cell damage and/or death. 

Increase of endothelial cell death by pharmaco- 
logical inhibition of heme oxygenase-1 

Endothelial damage has been thought to be the initial 
cause of development of vascular disorders. A previous 
study suggested that protection in human endothelial 
cells by blockade of oxidative stress could be an effective 
strategy in treatment of atherosclerosis [28]. To determine 
whether KRG-induced HO-1 up-regulation is respon- 
sible for the preventive effect of endothelial cell injury, 
we inhibited HO-1 enzymatic activity through treatment 
with the specific HO-1 inhibitor, ZnPP. KRG-stimulated 
cells were pre-incubated with or without 1 uM ZnPP, and 
cell death was measured by an in situ TUNEL assay. The 
TUNEL assay indicates cell death, including apoptosis, 
by detection of fragmented DNA. As illustrated in Fig. 6, 
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Fig. 6. Terminal transferase dUTP nick end labeling (TUNEL) as- 
say of heme oxygenase (HO)-1 inhibition in Korean red ginseng 
(KRG)-treated human umbilical vein endothelial cells (HUVECs). 
KRG (0.5 mg/mL) stimulated HUVECs were pre-treated for 1 h with 
1 uM zinc protoporphyrin (ZnPP), followed by treatment with 100 uM 
H 2 0 2 . After 18 h incubation, the protective effect of KRG on H 2 0 2 - 
induced cell death in HUVECs and its blockage by HO-1 inhibitor 
were determined by the TUNEL assay. DAPI, 4',6-diamidino-2-phe- 
nylindole. 

H 2 0 2 treatment significantly increased TUNEL-positive 
cells, which was restored by KRG. However, ZnPP pre- 
treatment diminished the cytoprotective effect of KRG in 
H 2 O r induced cell death. These results strongly suggest 
that the vascular protective effect of KRG is mediated by 
HO-1 activity. 

DISCUSSION 

In the present study, we investigated the induction of a 
cytoprotective enzyme, HO-1, by KRG water extract in 
human endothelial cells. We show that KRG increased 
both mRNA and the protein level of HO-1 and its cyto- 
protective effect in HUVECs. 

Ginseng has been used for treatment of various dis- 
eases, including cardiovascular disorders, in East Asia 
for over 2,000 yr and has become the most famous me- 
dicinal plant in the world. KRG is prepared from fresh 



ginseng steamed and sun-dried. Under high pressure and 
high temperature, several components in ginseng could 
be chemically transformed, inducing better pharmacolog- 
ical activity, such as the anti-oxidant, anti-carcinogenic, 
and ameliorative effect on blood circulation, than white 
ginseng [29,30]. These changed constituents are mostly 
triterpene glycosides, called ginsenosides, which are 
major active ingredients of ginseng. Recently, the diverse 
effects of ginsenosides on endothelial cells have been ex- 
tensively studied. Ginsenoside Rg 3 has anti-inflammatory 
and anti-atherosclerotic activities by reduction of cell 
adhesion molecules and pro-inflammatory cytokines in 
human endothelial cells [31]. It also prevents endothelial 
cell death via inhibition of the mitochondrial apoptotic 
signaling pathway [32]. Another ginsenoside Rb„ is also 
one of the major constituents of ginseng. Its cytoprotec- 
tive effect in oxidized low-density lipoprotein-injuring 
endothelial cells has been previously studied in vitro [33]. 
Ginsenoside Rgi induces vascular endothelial growth 
factor expression in human endothelial cells, which 
regulates proliferation and migration of endothelial cells 
[34]. Ginsenoside protopanaxatriol has been reported to 
prevent H 2 0 2 -induced endothelial cell death by modula- 
tion of intracellular redox status [10]. Other constituents 
of red ginseng include brown reaction products. Brown- 
ing pigments in ginseng extract are increased when gin- 
seng is steamed at 100°C, almost all of which are water 
soluble [35]. Water soluble browning reaction products 
isolated from KRG have been reported to have anti-oxi- 
dative effects due to their free radical scavenging activity 
[36]. It is assumed that the protective effect of KRG is at- 
tributed to the anti-oxidant and anti-apoptotic activity of 
these active components. 

HO-1 has a key role in the cellular defense mechanism 
against oxidative stress generated by ROS. Increase of 
HO-1 activity protects against oxidative damage-induced 
cell death via the mechanism associated with free heme 
catabolism by HO-1 [37]. Numerous studies have sup- 
ported the suggestion that anti-cell death activity of HO-1 
represents its cytoprotective roles in the vascular system. 
A study of angiogenesis revealed that overexpression of 
HO-1 enhanced endothelial cell proliferation [38]. The 
beneficial effect of HO-1 is mediated by the actions of its 
byproducts, CO and bilirubin. CO changes blood fluidity 
and blood flow by modulation of vasomotor tone, vascu- 
lar smooth muscle cell proliferation, and platelet agglu- 
tination [21]. Bilirubin exerts a vascular protective effect 
by preservation of EC integrity, prevention of EC death, 
and increase of vascular reactivity [39]. 

Previous evidence has indicated that HO-1 expression 
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may be controlled at the transcriptional level by KRG. 
Hwang and Jeong [40] revealed that a key ginsenoside, 
Rb 1; induced HO-1 expression via Nrf2 and ARE path- 
ways in 6-OHDA-treated human dopaminergic cells. 
Nrf2 -mediated HO-1 induction by red ginseng extract 
in rat pheochromocytoma cells has also been reported 
[41]. However, there have been no reports revealing the 
mechanism underlying KRG induced HO-1 induction 
in human endothelial cells. We have determined that the 
major transcription factor of anti-oxidant gene Nrf2 is 
involved in this induction of HO-1 in HUVECs, confirm- 
ing RNAi-mediated gene silencing. As mentioned above, 
Nrf2 promotes HO-1 expression induced by several 
ginseng constituents in various cell lines. Therefore, the 
transcriptional activation of Nrf2 following KRG water 
extract treatment may be associated with a noticeable in- 
crease in HO-1 expression in HUVECs. 

In this study, we suggest that KRG water extract may 
exert a cytoprotective effect through HO-1 induction and 
that this up-regulation of HO-1 in HUVECs is mediated 
by the transcription factor Nrf2. This study supports a 
possible therapeutic mechanism of KRG in cardiovascu- 
lar diseases. 
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